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(57) ABSTRACT

A vent piece for a vent channel of a tire vulcanization mold
includes a cylindrical tube formed to be 1nstalled 1n a cavity
end portion of a vent channel of a tire vulcanization mold
and having a through hole extending in axial direction of the
channel, and a plug positioned in the through hole and
moves between closed and open positions. The plug has a
second bearing surface facing a first surface of the tube such
that the second surface of the plug makes contact with the
first surface to close the channel 1n the closed position and
the second surface 1s separated from the first surface to open
the channel 1n the open position, and the first and/or second
surfaces has a film formed at least on a portion of the first
and/or second surfaces such that the film reduces friction
between the first and second surfaces.

20 Claims, 8 Drawing Sheets
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FIG. 2

ErrwprrE R fe s m S R SR I N Rl EFF RS
T raddl A A L LAY FLAFJAF LA E AT ST L
ESJALEREEFIY - IFE EEEEEAEEFARTEd49 ' FidAY
c=w=g=wrraFiFrarayyrifacr i FFlaFT 1 IS TAk
T _ meT A F et e TRRTIRTFA R FANE RO R TR
TI1A L LLAEE] . 1 AT E FETRIE RARE TR BRI R NI F 4 K _ N N_B LN I
PiEN Nl b - L i R R LR N AT A RENNLLE LT L R N L L T o
- mnppEpuppise gy e rrrpgeares Emmme
—hi e sl R Ek g ffr Fre ks s rrmm ek F g B
I R T IR LA R I I ST IR R TSI TN L FIEET RS
E% s mkbhF A AT m v F e i m rrs o vy wm ~mypry oy fyr

Fhm s PP d Bgye o . hm e wra  E A b F L Pl
FrERR ARSI ST el b T Tk AL aar o

EEAh Eed Bl
LFSFLFT AT FL

&
a
a
‘l
}
a | — e

C

"

\

C



U.S. Patent Jan. 16, 2018 Sheet 3 of 8 US 9,868,261 B2

FIG. 3
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FIG. 4
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FIG. 5
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VENT PIECE, TIRE VULCANIZATION
MOLD WITH VENT PIECE, AND TIRE
MANUFACTURED USING TIRE
VULCANIZATION MOLD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based upon and claims the
benelit of priority to Japanese Patent Application No. 2014-

107391, filed May 23, 2014, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a vent piece installed in
the vent channel of a tire vulcamization mold, to a tire
vulcanization mold with the vent piece, and to a tire manu-
factured by using the tire vulcanization mold.

Description of Background Art

A vent piece may be installed 1n the vent channel of a tire
vulcanization mold. For example, JP2012-139830A
describes s a vent piece which holds a plug that 1s movable
on the inner-side wall of a cylindrical tube to open/close the
vent channel. The entire contents of this publication are
incorporated herein by reference.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a vent
piece for a vent channel of a tire vulcanization mold includes
a cylindrical tube formed to be installed in a cavity end
portion of a vent channel of a tire vulcanization mold and
having a through hole extending 1n an axial direction of the
vent channel, and a plug which 1s positioned in the through
hole of the cylindrical tube and moves 1n the axial direction
between a closed position and an open position. The cylin-
drical tube has a first bearing surface, the plug has a second
bearing surface facing the first bearing surface of the cylin-
drical tube such that the second bearing surface of the plug
makes contact with the first bearing surface to close the vent
channel i1n the closed position and the second bearing
surface 1s separated from the first bearing surface to open the
vent channel 1n the open position, and the first bearing
surface and/or the second bearing surface has a film formed
at least on a portion of the first bearing surface and/or the
second bearing surface such that the film reduces friction
between the first bearing surface and the second bearing
surface.

According to another aspect of the present invention, a
method for manufacturing a tire includes positioning a raw
tire 1 a vulcanization mold having a vent piece, and
vulcanizing the raw tire 1n the tire vulcanization mold such
that air trapped between the raw tire and the tire vulcaniza-
tion mold 1s discharged through the vent piece. The vent
piece of the tire vulcanization mold includes a cylindrical
tube formed to be 1nstalled 1n a cavity end portion of a vent
channel of the tire vulcanization mold and having a through
hole extending 1n an axial direction of the vent channel, and
a plug which 1s positioned 1n the through hole of the
cylindrical tube and moves 1n the axial direction between a
closed position and an open position, the cylindrical tube has
a first bearing surface, the plug has a second bearing surface
tacing the first bearing surface of the cylindrical tube such
that the second bearing surface of the plug makes contact
with the first bearing surface to close the vent channel 1n the
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closed position and the second bearing surface 1s separated
from the first bearing surface to open the vent channel 1n the
open position, and the first bearing surface and/or the second
bearing surface has a film formed at least on a portion of the
first bearing surtace and/or the second bearing surface such
that the film reduces {iriction between the first bearing
surface and the second bearing surface.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to the
following detailed description when considered in connec-
tion with the accompanying drawings, wherein:

FIG. 1 1s a partially developed perspective view of a vent
piece according to an embodiment of the present invention;

FIG. 2 1s a perspective view showing a cylindrical tube
installed 1n the vent piece;

FIG. 3 1s a perspective view showing a plug installed 1n
the vent piece;

FIG. 4 15 a cross-sectional view showing a state of the vent
piece at an 1nitial vulcanization stage;

FIG. 5 1s another cross-sectional view of the state shown
in FIG. 4;

FIG. 6 1s a cross-sectional view showing the vent piece
during vulcanization molding of a raw ftire;

FIG. 7 1s a cross-sectional view showing the vent piece
when a vulcanized tire 1s removed from the tire vulcaniza-
tion mold; and

FIG. 8 1s a cross-sectional view showing open and closed
positions of the plug.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

The embodiments will now be described with reference to
the accompanying drawings, wherein like reference numer-
als designate corresponding or identical elements through-
out the various drawings.

FIG. 1 1s a perspective view showing the structure of vent
piece 1 of the present embodiment. As shown 1n FIG. 1, vent
piece 1 of the present embodiment i1s istalled 1n vent
channel 110 formed 1n tire vulcanization mold 100.

One end (110a) of vent channel 110 1s connected to cavity
space 101 of tire vulcanization mold 100. The other end
(1105) of vent channel 110 1s connected to exterior space
102 of tire vulcanization mold 100. At the imitial vulcani-
zation stage shortly after tire vulcanization mold 100 1is
closed, the air trapped between the raw tire and tire vulca-
nization mold 100 1s discharged through vent channel 110 to
exterior space 102 of tire vulcanization mold 100.

Vent piece 1 1s provided with cylindrical tube 2 installed
at one end (110a) of vent channel 110, and with plug 5
loaded 1n cylindrical tube 2.

FIG. 2 1s a view showing the structure of cylindrical tube
2. Cylindrical tube 2 has through hole 21. Through hole 21
1s formed to extend in an axial direction of cylindrical tube
2. In the present embodiment, vent channel 110 and through
hole 21 are formed to be coaxial and extend parallel to each
other as shown in FIG. 1. Cylindrical tube 2 has first bearing
surface 22 at one end (110a) of vent piece 110.

FIG. 3 1s a view showing the structure of plug 5. Plug 5
1s supported by inner-side wall (2a) of cylindrical tube 2 to
be movable 1n axial direction of through hole 21. Plug 3 1s
provided with shaft 51 supported by cylindrical tube 2, head
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52 formed at the tip of shaft 51, and second bearing surface
53 to face first bearing surface 22 shown in FIG. 2.

Plug 5 1s formed to be capable of moving between a
closed position to close vent channel 110 when second
bearing surface 53 makes contact with first bearing surface
22 and an open position to open vent channel 110 when
second bearing surface 53 1s separated from {first bearing
surface 22. In FIG. 1, plug 3 1s 1n an open position.

On first bearing surface 22 of cylindrical tube 2, film 25
1s formed to reduce friction between first bearing surface 22
and spew rubber that 1s pushed out from a raw tire during the
vulcanization process and penetrates a gap between first
bearing surface 22 and second bearing surface 53 as shown
in FIG. 2. Film 25 may also be formed to extend from first
bearing surface 22 onto mner-side wall (2a) of cylindrical
tube 2.

In the present embodiment, film 25 made of resin, for
example, 1s formed on first bearing surface 22. Film 25 made
of resin may be easily formed by coating, for example, on
first bearing surface 22.

More specifically, fluororesin 1s preferred to be used for
forming film 25 to reduce friction with spew rubber. Fluo-
roresin 1s selected, for example, from polytetratfluoroethyl-
ene, tetratluoroethylene-perfluoroalkoxy ethylene copoly-
mer, tetratluoroethylene-hexatluoropropylene copolymer,
cthylene-tetratluoroethylene copolymer, polychlorotrifluo-
roethylene and the like.

As shown 1n FIG. 3, film 54 1s formed on second bearing
surface 53 of plug 5 to reduce the Iriction between spew
rubber and second bearing surface 53. Film 354 may also be
formed to extend from second bearing surface 53 onto shaft
51 of cylindrical tube 2. Since the material for film 54 1s the
same as that for film 25, 1ts description 1s omitted here.

In vent piece 1, since film 235 1s formed on first bearing
surface 22 and film 54 1s formed on second bearing surface
53, friction 1s reduced between film 25 or film 54 and the
thin-film spew rubber that has penetrated microscopic gaps
between first bearing surface 22 and second bearing surface
53 when plug 5 1s in the closed position. Accordingly,
thin-film spew rubber 1s easily removed from first bearing
surface 22 and second bearing surtace 53, and 1s discharged
from the gap when a vulcanized tire 1s removed from the
mold. As a result, a smooth movement of plug 5 1s secured,
normal opening/closing functions of vent channel 110 are
maintained, and defects in the external appearance of a
finished tire are thereby reduced.

In the present embodiment, film 25 1s formed on first
bearing surface 22 and film 54 1s formed on second bearing,
surface 53, as shown in FIG. 1 and the like. However, that
1s not the only option, and 1t 1s suthicient 11 at least film 23
or film 34 1s formed on at least first bearing surface 22 or
second bearmng surface 53. Even i such a modified
example, the effect of reducing friction by using film 25 or
film 54 1s partially achieved.

In the first embodiment, film 25 1s preferred to be formed
to cover first bearing surface 22 entirely. However, 1t 1s
suilicient 1f film 25 1s formed to cover at least part of first
bearing surface 22. The same applies to film 54 on second
bearing surface 53. Even 1n such a modified example, the
cllect of reducing iriction by using film 25 or film 54 1is
partially achieved.

FIGS. 2 and 3 are partially developed views to show
inner-side portions of film 25 and film 54 respectively. As
shown 1n FIG. 2, plated layer 26 1s formed on the outer side
of first bearing surface 22 and on the mner side of film 25.
Plated layer 26 enhances the adhesiveness of film 25. In
addition, since first bearing surface 22 1s smoothed by plated
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layer 26, the friction between spew rubber and film 25 1s
turther reduced. Plated layer 26 1s preferred to be made of
metal containing nickel. Plated layer 26 containing nickel
makes first bearing surface 22 even smoother, and thereby
contributes to a decrease 1n friction between the spew rubber

and film 25.

In the same manner, plated layer 335 1s formed on the outer
side of second bearing surface 33 and on the inner side of

film 54 as shown in FIG. 3. Plated layer 35 enhances the

adhesiveness of film 54. In addition, since second bearing
surface 33 1s smoothed by plated layer 55, the iriction
between spew rubber and film 34 1s further reduced. The
same as above, plated layer 55 1s preferred to be made of
metal containing nickel.

As shown 1 FIG. 3, second bearing surface 53 1s formed
to taper from the cavity space 101 side toward the exterior
space 102 side. In addition, first bearing surface 22 1s formed
to be 1 a cone shape corresponding to second bearing
surface 53 as shown 1n FIG. 2. When first bearing surface 22
abuts second bearing surface 53, vent channel 110 1s closed.

As shown 1n FIG. 1, vent piece 1 1s further provided with
coil spring 7 capable of moving plug 5 toward the open
position on the cavity space 101 side. Coil spring 7 1s wound
around shaft 51 of plug 5. Any other mechanism may also
be employed as long as 1t 1s capable of moving plug 5 toward
the open position on the cavity space 101 side. For example,
springs other than a coil spring, and elastic bodies such as
rubber may be used.

As shown 1n FIG. 2, cylindrical tube 2 has imnner-side wall
(2a), first locking member 27, and ventilation portion 28.

Part of inner-side wall (2a) along an axial direction of
cylindrical tube 2 protrudes inward to form first locking
member 27. First locking member 27 1s formed to extend
along the entire circumierential direction of inner-side wall
(2a), but it may also be formed along only part of the above
circumierential direction. Because of {first locking member
27 formed on imner-side wall (2a) of cylindrical tube 2,
through hole 21 1s divided into first hole portion (21a),
second hole portion (215) and third hole portion (21c¢)
arranged 1n an axial direction. First hole portion (21a) opens
onto first bearing surface 22. Second hole portion (215) 1s
surrounded by first locking member 27. Accordingly, the
inner diameter of second hole portion (215) 1s smaller than
the mner diameter of any of first hole portion (21a) and third
hole portion (21c¢). Third hole portion (21¢) opens at end
surface (2¢) of cylindrical tube 2.

Ventilation portion 28 i1s formed on the inner-side wall
(2a) of cylindrical tube 2. Multiple ventilation portions 28
are formed along axial direction of cylindrical tube 2. When
plug 5 1s loaded onto cylindrical tube 2 and 1s at the open
position, ventilation portion 28 connects the gap between
first bearing surface 22 and second bearing surface 33 to first
hole portion (21a) of through hole 21. Positions, numbers
and shapes of ventilation portions 28 are respectively set as
desired. If suflicient ventilation 1s secured between inner-
side wall (2a) and shait 51, ventilation portion 28 may be
omitted.

As shown 1n FIG. 3, shaft 51 of plug 5 has first shaft 56
and second shait 37. First shait 56 1s formed to extend
continuously 1n an axial direction from second bearing
surtace 33. First shaft 56 1s accommodated in first hole
portion (21a) of through hole 21.

Second shait 37 1s formed to protrude 1n an axial direction
from end surface (56a) of first shaft 56. The outer diameter
of second shait 57 1s smaller than that of first shait 56. Coil

spring 7 shown 1n FIG. 1 1s mnstalled on the radially outer
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side of second shatt 57. Second shait 57 and coil spring 7 are
accommodated 1n first hole portion (21a) of through hole 21.

As described above, plug 5 i1s set to be movable 1n axial
direction of cylindrical tube 2. Thus, first hole (21a), second
shaft 57 and coil spring 7 are set to have a gap at such a
degree that allows air ventilation.

One end of coil spring 7 abuts end surface (56a) of first
shaft 56, and the other end abuts first end surface (27a) of
first locking member 27 shown 1n FIG. 2. Accordingly, coil
spring 7 1s compressed to generate power.

As shown 1 FIG. 3, plug 5 i1s further provided with
flat-plate portion 58. Flat-plate portion 58 i1s formed to
extend from the tip of second shait 57 1n an axially outward
direction. Flat-plate portion 58 1s accommodated in second
hole portion (215) and third hole portion (21¢) of through
hole 21.

First shaft 56 and second shaft 57 or second shaft 57 and
flat-plate portion 58 may be formed using other members
respectively. For example, those members may be
assembled by screws or the like. As shown 1n FIG. 1, since
the tip of flat-plate portion 38 protrudes from cylindrical
tube 2, the flat-plate portion can rotate with respect to
cylindrical tube 2 or first shaft 56.

Flat-plate portion 38 has protrusion 59 on 1ts tip. Protru-
s10n 39 protrudes 1n a radial direction of shaft 51. Protrusion
59 1s accommodated 1n third hole portion (21¢) of through
hole 21.

As shown 1n FIG. 1, when plug 5 1s at the open position,
end surtace (59a) of protrusion 59 abuts second end surface
(27b) of first locking member 27, thereby limiting the
protruding amount of head 52 of plug 5 from end surface
(2b) of cylindrical portion 2.

FIGS. 4 and 5 each show vent piece 1 at an nitial
vulcanization stage when tire vulcanization mold 100 1s
closed. FIG. 4 1s a view of a cross section parallel to
flat-plate portion 58. FIG. 5 1s a view that includes ventila-
tion portion 28 and shows a cross section perpendicular to
flat-plate portion 38. During the initial stage of vulcaniza-
tion, there 1s a gap between raw tire 200 and tire molding
surface (100q) of tire vulcanization mold 100. Air 1s trapped
in the gap.

At that time, the degree of head 52 of plug 5 protruding
from end surface (2b) of cylindrical tube 2 1s limited, since
end surface (59a) abuts second end surface (275b). Accord-
ingly, raw tire 200 1s separated from tire molding surface
(1004a).

In addition, as shown 1n FIG. 5, gap 30 1s formed between
first bearing surface 22 and second bearing surface 33. Thus,
cavity space 101 and exterior space 102 of tire vulcanization
mold 100 are connected by way of gap 30, ventilation
portion 28, through hole 21 and vent channel 110. Namely,
plug 5 1s 1n the open position. Accordingly, the air trapped
in the gap between raw tire 200 and tire molding surface
(100a) of tire vulcamization mold 100 1s discharged to
exterior space 102 through gap 30, ventilation portion 28,
through hole 21 and vent channel 110 1n that order, as shown
by arrows (Al) through (A3). As a result, defects in the
external appearance of a finished tire are reduced.

FIG. 6 shows vent piece 1 when raw tire 200 1s vulcani-
zation-molded by tire vulcanization mold 100. During vul-
canization, great pressure 1s exerted on raw tire 200 from the
inner side toward the outer side, and raw tire 200 expands as
shown by arrow (B). As raw tire 200 expands, 1t abuts head
52 of plug 5. Raw tire 200 further expands and presses plug
5 toward other end (1105) of vent channel 110. Accordingly,
plug 5 moves toward other end (1105) until first bearing
surface 22 abuts second bearing surface 53. When first
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bearing surface 22 abuts second bearing surface 53, the
connection 1s broken between cavity space 101 of tire

vulcanization mold 100 and exterior space 102; namely, plug
5 moves to a closed position.

As described above, when plug 5 moves, first bearing
surface 22 abuts second bearing surface 53 and vent channel
110 1s closed, thereby suppressing the formation of spew
rubber. However, when observed from a microscopic view-
point, a slight gap exists between first bearing surface 22 and
second bearing surface 53. Thus, when great pressure 1s
applied from the inner surface of raw tire 200 toward the
outer side during the vulcanization process, thin-film spew
rubber 201 1s formed as shown by a broken line 1n FIG. 6.

FIG. 7 shows vent piece 1 when vulcanized tire 300 1s
removed from tire vulcanization mold 100. Raw tire 200
shown in FIG. 6 becomes vulcanized tire 300, which is
removed from the mold as shown by arrow (C). When
vulcanized tire 300 1s removed from the mold, spew rubber
301 1s removed together with vulcanized tire 300. In the
present embodiment, since film 25 on first bearing surface
22 and film 54 on second bearing surface 53 are respectively
formed, friction 1s reduced between spew rubber 301 and
first bearing surface 22 or second bearing surface 53. Thus,
spew rubber 301 1s easily removed from {irst bearing surface
22 and second bearing surtace 33. Here, spew rubber 301
protrudes only slightly from the surface of vulcamized tire
300, thus causing hardly any adverse effect on the external
appearance of vulcanized tire 300.

In FIG. 8, the open position of plug 3 1s shown by a solid
line, and the closed position of plug 5 1s shown by a broken
line. To suppress formation of spew rubber 301 between first
bearing surface 22 and second bearing surface 353, the
maximum stroke (S) between the open and closed positions
of plug 3 1s preferred to be 2 mm or less. A maximum stroke
(S) that exceeds 2 mm 1increases the maximum amount of
protrusion (H) of spew rubber 301 shown 1n FIG. 7, and may
result 1n such a situation that spew rubber 301 adheres to first
bearing surface 22 or second bearing surface 53, thereby
remaining 1n the gap between first bearing surface 22 and
second bearing surface 53. Accordingly, the smooth move-
ment of plug 5 may be hindered.

So far, vent piece 1 and tire vulcanizing mold 100
equipped with vent piece 1 have been described in detail.
However, the present invention 1s not limited to the above
embodiments, and various modifications are possible.

EXAMPLES

Test vent pieces with the basic structure shown in FIG. 1
were prepared according to the specifications for Compara-
tive Example and Example 1~3 respectively. Each of the test
vent pieces 1s installed on one tire vulcanization mold. After
1,500 tires were vulcanized, each vent piece was tested for
functionality. The test was conducted as follows.

Rate of Malfunction Causing Complete Closure

Regarding vent pieces in Comparative Example and
Example 1~5, the number of vent pieces was counted 1n a
situation where spew rubber was adhered to the first bearing
surface and second bearing surface, causing the plug to be
adhered 1n a completely closed position. The results are
shown by the rate (%) of malfunction. The smaller the value
1s, the smoother 1s the movement of the plug and the better
1s the capability of discharging air.

Rate of Malfunction Causing Incomplete Closure

Regarding vent pieces i Comparative Example and
Example 1~3, the number of vent pieces was counted 1n a
situation where spew rubber was stuck between the first
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bearing surface and second bearing surface, causing the plug
to be unable to reach the closed position. The results are
shown by the rate (%) of malfunction. The smaller the value
1s, the smoother 1s the movement of the plug and the better

8

In a vent piece according to an embodiment of the present
invention, the film 1s preferred to contain fluororesin.

In a vent piece according to an embodiment of the present
invention, a plated layer 1s preferred to be formed on the

1s the capability of discharging air.

inner side of the film.

TABLE 1
Comp. Example Example Example Example Example

Example 1 2 3 4 5
Film on 1st bearing surface None Fluororesin  Fluororesin Fluororesin Fluororesin Fluororesin
Plated layer on None None None Nickel None Nickel
1st bearing surface
Film on 2nd bearing surface None None Fluororesin Fluororesin Fluororesin Fluororesin
Plated layer on None None None Nickel None Nickel
2nd bearing surface
Maximum stroke (S) (mm) 0.3 0.3 0.3 0.3 0.2 0.2
Rate of malfunction causing 49 44 39 12 25 8
complete closure (%)
Rate of malfunction causing 27 24 21 12 24 14

incomplete closure (%)

As shown 1n Table 1, it was found that vent pieces of
Example 1~5 each exhibited a smoother movement of the
plug than that 1n Comparative Example, and that the air
discharge capability was significantly enhanced.

When the vent piece in JP2012-139830A 1s used, rubber
that has penetrated a gap between the cylindrical tube and
the plug may remain in the gap to hinder the smooth
movement of the plug. Accordingly, it 1s feared that the vent
channel may be stuck closed and may cease functioning. In
such a case, the air trapped between raw rubber and the tire
vulcanization mold will not be discharged from the vent
channel 1n a process for vulcanizing the subsequent raw
rubber, thus causing defects in the external appearance of
finished tires.

A vent piece according to an embodiment of the present
invention 1s capable of maintaining normal opening/closing
functions of a vent channel by securing the smooth move-
ment of a plug so that defects 1n the external appearance of
finished tires are reduced.

A vent piece according to one aspect of the present
invention 1s to be installed 1n a vent channel, where one end
1s connected to a cavity space of a tire vulcanization mold

while the other end 1s connected to the exterior space of the
tire vulcanization mold.

Such a vent piece has a cylindrical tube which 1s installed
at the one end of the vent channel and which has a through
hole extending 1n an axial direction; and a plug loaded in the
through hole to be movable 1n axial direction. The cylindri-
cal tube has a first bearing surface. The plug has a second
bearing surface facing the first bearing surface, and 1s
movable between a closed position where the second bear-
ing surtace makes contact with the first bearing surface to
close the vent channel and an open position where the
second bearing surface 1s separated from the first bearing
surface to open the vent channel. A film to reduce friction 1s
formed on at least part of at least the first bearing surface or
the second bearing surface.

In a vent piece according to an embodiment of the present
invention, the film 1s preferred to be formed on both the first
bearing surface and the second bearing surface.

In a vent piece according to an embodiment of the present
invention, the second bearing surface is preferred to have a
shape tapering from the cavity space side toward the exterior
space side, while the first bearing surface 1s formed to have
a cone shape corresponding to the second bearing surface.
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In a vent piece according to an embodiment of the present
invention, the plated layer 1s preferred to contain nickel.

A vent piece according to an embodiment of the present
invention 1s preferred to be further provided with a mecha-
nism capable of moving the plug toward the open position.

In a vent piece according to an embodiment of the present
invention, the maximum stroke of the plug between the open
position and the closed position 1s preferred to be 2 mm or
less.

A second aspect of the present invention 1s a tire vulca-
nization mold characterized by a vent piece according to an
embodiment of the present invention installed therein.

A third aspect of the present mvention 1s a tire charac-
terized by being manufactured using the above tire vulca-
nization mold.

A vent piece according to an embodiment of the present
invention has a cylindrical tube installed at one end of the
vent channel in a tire vulcanization mold, and a plug loaded
in a through hole of the cylindrical tube to be movable 1n
axial direction. The cylindrical tube has a first bearing
surface and the plug has a second bearing surface facing the
first bearing surface. The plug 1s movable from an open

position to open the vent channel by separating the second
bearing surface from the first bearing surface to a closed
position to close the vent channel by making the second
bearing surface touch the first bearing surface. At the open
position during the initial stage of vulcanization, the air
trapped between raw rubber and the tire vulcamization mold
1s discharged from the vent channel to the exterior space of
the vulcanmization mold. Then, as the raw rubber expands, the
plug moves to the closed position so that formation of spew
rubber 1s suppressed.

In addition, a film for reducing iriction 1s formed on at
least part of at least the first bearing surface or the second
bearing surface. Thus, when the plug 1s 1n the closed
position, friction 1s reduced between the film and thin-film
spew rubber that has penetrated a gap between the first
bearing surface and the second bearing surface. As a result,
when the vulcanized tire 1s removed from the mold, the
thin-film spew rubber 1s easily removed from the first
bearing surface or the second bearing surface and 1s dis-
charged from the gap. Thus, the smooth movement of the
plug 1s secured, normal opeming/closing functions of the
vent channel are maintained, and defects are reduced 1n the
external appearance of the finished tire.
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The above vent piece 1s installed 1n a tire vulcanization
mold according to the second aspect of the present inven-
tion. Thus, the same as above, the smooth movement of the
plug 1s secured, normal opening/closing functions of the
vent channel are maintained, and defects are reduced 1n the
external appearance of the finished tire.

A tire according to the second aspect of the present
invention 1s unlikely to have a defective external appear-
ance.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims, the mnvention may be practiced other-
wise than as specifically described herein.

What 1s claimed 1s:

1. A vent piece for a vent channel of a tire vulcanization
mold, comprising:

a cylindrical tube configured to be 1nstalled 1n a cavity end
portion of a vent channel of a tire vulcanization mold
and having a through hole extending 1in an axial direc-
tion of the vent channel; and

a plug positioned in the through hole of the cylindrical
tube and configured to move in the axial direction
between a closed position and an open position,

wherein the cylindrical tube has a first bearing surface, the
plug has a second bearing surface facing the first
bearing surface of the cylindrical tube such that the
second bearing surface of the plug makes contact with
the first bearing surface to close the vent channel 1n the
closed position and the second bearing surface 1s sepa-
rated from the first bearing surface to open the vent
channel 1n the open position, and each of the first
bearing surface and the second bearing surface has a
plated layer and a film formed on the plated layer at
least on a portion of each of the first bearing surface and
the second bearing surface such that the film reduces
friction between the first bearing surface and the second
bearing surface.

2. The vent piece according to claim 1, wherein the plated
layer comprises nickel, the film comprises fluororesin, and
the plug 1s configured to move between the open position
and the closed position at the maximum stroke of 3 mm or
less.

3. The vent piece according to claim 1, wherein the plug
1s formed such that the second bearing surface 1s tapering
from a cavity space side toward an exterior space side of the
vent channel 1n the vulcanization mold, and the first bearing,
surface of the cylindrical tube has a cone shape correspond-
ing to the second bearing surface.

4. The vent piece according to claim 1, wherein the film
comprises fluororesin.

5. The vent piece according to claim 1, wherein each of
the first bearing surface and the second bearing surface has
the plated layer formed entirely on the first bearing surface
and the second bearing surface such that the film 1s formed
entirely on the plated layer.

6. The vent piece according to claim 5, wherein the plated
layer comprises nickel.

7. The vent piece according to claim 1, further compris-
ng:

a moving mechanism configured to move the plug toward

the open position.

8. The vent piece according to claim 1, wherein the plug
1s configured to move between the open position and the
closed position at the maximum stroke of 2 mm or less.
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9. A tire vulcanization mold, comprising the vent piece
according to claim 1.

10. The vent piece according to claim 1, wherein the
cylindrical tube has at least one ventilation portion formed
on an inner-side wall of the cylindrical tube along an axial
direction of the cylindrical tube.

11. The vent piece according to claim 2, wherein the plug
1s formed such that the second bearing surface 1s tapering
from a cavity space side toward an exterior space side of the
vent channel 1n the vulcanization mold, and the first bearing
surface of the cylindrical tube has a cone shape correspond-
ing to the second bearing surface.

12. The vent piece according to claim 10, wherein the film
comprises fluororesin.

13. The vent piece according to claim 2, wherein each of
the first bearing surface and the second bearing surface has
the plated layer formed entirely on the first bearing surface
and the second bearing surface such that the film 1s formed
entirely on the plated layer.

14. The vent piece according to claim 8, wherein the
plated layer comprises nickel.

15. The vent piece according to claim 2, wherein the plug
1s configured to move between the open position and the
closed position at the maximum stroke of 2 mm or less.

16. The vent piece according to claim 10, wherein the film
comprises tluororesin, and the plated layer comprises nickel.

17. The vent piece according to claim 1, wherein the film
comprises resin.

18. The vent piece according to claim 1, further compris-
ng:

an elastic body configured to move the plug toward the

open position.

19. The vent piece according to claim 1, further compris-
ng:

a spring configured to move the plug toward the open

position.

20. A method for manufacturing a tire, comprising;:

placing a raw tire 1n a vulcanization mold comprising a

vent piece; and

vulcanizing the raw tire in the tire vulcanization mold

such that air trapped between the raw tire and the tire
vulcanization mold 1s discharged through the vent
piece,

wherein the vent piece of the tire vulcanization mold

comprises a cylindrical tube configured to be installed
in a cavity end portion of a vent channel of the tire
vulcanization mold and having a through hole extend-
ing 1n an axial direction of the vent channel, and a plug
positioned in the through hole of the cylindrical tube
and configured to move 1n the axial direction between
a closed position and an open position, the cylindrical
tube has a first bearing surface, the plug has a second
bearing surface facing the first bearing surface of the
cylindrical tube such that the second bearing surface of
the plug makes contact with the first bearing surface to
close the vent channel 1n the closed position and the
second bearing surface i1s separated from the first
bearing surface to open the vent channel in the open
position, and each of the first bearing surface and the
second bearing surface has a plated layer and a film
formed on the plated layer at least on a portion of each
of the first bearing surface and the second bearing
surface such that the film reduces friction between the
first bearing surface and the second bearing surtace.
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